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Appendix 1
Methods to Calculate Trend and Other Vital Rates Using Known Fate Analysis

The survival rates, reproductive rates, and population trend of a wildlife population can be
calculated using data collected from radio-collared females. This technique is termed “known-fate”
monitoring because the fate (alive or dead) of each individual in generally known with certainty for each
monitoring period (e.g. month, year). Known-fate monitoring has been employed as a monitoring tool
for grizzly bears in the NCDE since 2004. The technique is generally described by Mace et al. (2005) and
more recently in a publication of population trend by Mace et al. (2012).

Grizzly bears were captured using leg-hold snares and culvert traps, by helicopter darting, and in
some instances, were darted and immobilized bears over baits. We chose specific capture sites within
each capture zone while avoiding certain private properties. These properties were known to regularly
attract grizzly bears seeking anthropogenic foods, and we suspected that survival rates of these bears
would not be representative of the female population at large. All female bears were radio-collared, and
each bear was tagged subcutaneously with passive transponder tags and pulled a pre-molar tooth for
age determination. The sample of radio-collared females was distributed based on relative grizzly bear
density across the NCDE, using the distribution of bears detected at DNA hair traps in 2004 (Kendall et
al. 2009). A goal was established of monitoring a minimum of 25 females/year as possible. Female bears
were categorized as either “research” bears or members of the “conflict-subsample.” Generally,
population trend was calculated using only research bears. However, conflict bears could enter the
dataset under certain circumstances (Schwartz et al. (2006).

Survival analyses were conducted on cubs and yearling of both sexes and for subadult and adult
females. Survival of cubs and yearlings was determined form visual observations while monitoring their
radioed mothers. Survival of independent subadult and adult females was estimated monthly using the
staggered-entry Kaplan-Meier method within Program MARK using the logit scale. The reproductive
status of each adult female was documented visually during telemetry sessions. Spring observation
flights were conducted to ascertain which females had dependent offspring and the number of offspring
per litter.

Population trend was estimated by computing the asymptotic rate of population growth (A)
using a standard, dynamic life table, solved iteratively for r (i.e., the intrinsic rate of growth).
Approximate confidence intervals on A were calculated by iterating life tables created using the
empirical distribution of each rate in a Monte Carlo approach.
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Appendix 2

Background Information for Demographic Standards 2-4.
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Section B: Sustainable MoOrtality LEVEIS .......ccuuiiiiciiee sttt re e e e e e e rae e e e 6

Section C: Distributions of growth rates of grizzly bears in the Northern Continental Divide Ecosystem

under various possible estimates of annual survival of independent bears.........cccceeeevneenns 9
Section D: Supporting Information for Demographic Standards 2-4...........cccceeeeeeciiiiiieeee e 13
Section E. Estimating the Level of Unreported Mortality for Grizzly Bears in the NCDE...........ccccceeennees 17

Section F. Proportion of grizzly bear population using habitats outside of Glacier National Park: Where
do the mortality standards @PPIY ..ceecceeeee e e e 19

Section A: Methods to calculate sex and age class structure of the grizzly bear population in
the NCDE.

The demographic standards in this Strategy require an estimate of the proportion of the male
and female populations that are > 2 years old (independent bears). Standards 3 and 4 fix a maximum
mortality limit of 10% for independent females, and 20% for independent males. In the case of grizzly
bears in the NCDE, the proportion of individuals of each age and sex cannot be ascertained directly from
field data such as physical captures or from examination of genetics data from hair-traps or rub-trees. In
the case of physical capture, as is used for population trend monitoring in the NCDE, age and sex classes
are not captured in the same proportion as they exist in the population (Fig. 1). Cubs and yearlings are
under-represented in the capture sample, and sub adults are over-represented relative to the stable
state estimates. For genetic tagging data using hair samples collected at rub-trees or hair-trap (Kendall
et al. (2009), it is not possible to determine the age of individuals.

There is a method to estimate the age structure of the population from vital population rates
and population trend; the calculation of stable state population structure (Lotka and Sharpe 1911). A
closed population that has experienced constant age-specific birth and death rates over a long period
can be shown to also have a constant proportion of individuals in each age/sex class, thus a stable state
(Seber 1982).

The stable age structure of grizzly bears in the NCDE was estimated in program RISKMAN (Taylor
et al. 2001) using the vital reproductive rates, and cub and yearling female survival rates from Mace et
al. (2012). Program RISKMAN uses a life-table approach to modeling structure. Specific input variables
used in RISKMAN are given in Table 1. Independent male survival was set at 0.850 (Mace and Roberts
2012). The survival rates of independent sub-adult (2-4 years old) and adult (5+ years old) females were
pooled at 0.936 for these analyses. For the entire male and female population, age-specific proportions
are given in Table 2, and for each sex separately in Table 3. From these analyses, we estimated that
58.2% of the male population was independent bears, and 68.6% of the female population was
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independent-aged in the entire NCDE population (Table 3). These estimates of independent bears were
used to calculate sustainable mortality levels of males and females.

Figure. 1. Comparison of female grizzly bear age structure from stable age distribution using program
RISKMAN and from research female captures (2004-2012) in the NCDE whose age was known.
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Table 1. Program RISKMAN input variables to estimate grizzly bear stable state population for the
NCDE.

Program RISKMAN input variables Value used to estimate stable state grizzly population

Preferences: -Research/stochastic, trails = 1000
-no parameter/environmental uncertainty
-normalize male and female structure

Species definition: -annual

-no hunting season

-covariance of recruitment and survival rates
-maximum age = 27

-age of 1* adulthood = 5

-maximum litter size = 3

-minimum age of 1* reproduction = 4
-maximum age of reproduction = 27

Individual survival rates; males -age 0=0.612, se=0.108 (Mace et al. 2012)
-age 1 =0.682, se=0.132 (Mace et al. 2012)
-age 2-27 = 0.850, se= 0.055 (Mace and Roberts 2012)

Individual survival rates; females -age 0=0.612, se=0.108 (Mace et al. 2012)
-age 1 =0.682, se=0.132 (Mace et al. 2012)
-age 2-27 = 0.936, se= 0.079 (Mace and Roberts 2012)

Recruitment: -probability of 1 cub = 0.103°

-probability of 2 cub = 0.524°

-probability of 3 cub = 0.373°

-mean litter size = 2.27, se = 0.18 (Mace et al. 2012)
-proportion with litters = 0.322, se = 0.051 (Mace et al. 2012)
-assume 50:50 M:F sex ratio for cubs at birth

@ Proportions of 1, 2, and 3 cub litters varied somewhat from Mace et al. (2012) to achieve a mortality-adjusted cub litter size of 2.27.

Table 2. Stable state proportions of the grizzly bear population. Stable state proportions were based
on a population of 1000 individuals using program RISKMAN.

Age Age-specific proportion of entire population
Male Female

0 (cub) 0.115 0.115
1 0.068 0.068
0.044 0.044

3 0.036 0.039
4 0.029 0.035
5 0.024 0.032
6 0.019 0.028
7 0.016 0.025
8 0.013 0.023
9 0.010 0.020
10 0.008 0.018
11 0.007 0.016
12 0.006 0.015
13 0.005 0.013
14 0.004 0.012
15 0.003 0.011
16 0.002 0.009
17 0.002 0.008
18 0.002 0.008
19 0.001 0.007
20 0.001 0.006
21 0.001 0.005
22 0.001 0.005
23 0.001 0.004
24 0.000 0.004
25 0.000 0.004
26 0.000 0.003
27 0.000 0.003
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Table 3. Summary of grizzly bear stable population states for each sex separately as derived from
program RISKMAN.

Age Age-specific Age-specific
proportion of proportion
male of female population
population

0 (Cub) 0.276 0.198
1 0.162 0.116
2 0.105 0.076
3 0.086 0.068
4 0.07 0.06
5 0.057 0.055
6 0.046 0.049
7 0.038 0.043
8 0.031 0.04
9 0.025 0.035
10 0.02 0.031
11 0.016 0.028
12 0.013 0.025
13 0.011 0.023
14 0.009 0.02
15 0.007 0.018
16 0.006 0.017
17 0.005 0.014
18 0.004 0.013
19 0.003 0.011
20 0.003 0.01
21 0.002 0.009
22 0.002 0.008
23 0.001 0.007
24 0.001 0.007
25 0.001 0.006
26 0.001 0.006
27 0.001 0.005
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Table 4. Comparison of grizzly bear population structure from three data sources.

Sex and age class of Data Source
population
Stable state structure Kendall et al. 2009 Mace et al. 2012
from program
RISKMAN?®
% females in population 58.2% 61.2% na
% males in population 41.8% 38.8% na
% of males 2+ years old 56.4% na na
(independent)
% of females 2+ years 68.6% na 69%"
old (independent)

® Tabulated from Table 3.
® From Leslie-matrix projections to stable state projections using Microsoft Excel (Microsoft, Redmond Washington, USA) and the add-in
PopTools (PopTools version 3.1, www.poptools.org, accessed 02 Feb 2010).

Section B: Sustainable Mortality Levels

Sustainable Rates For the entire grizzly bear population. Grizzly bear populations can sustain a
certain level of mortality before populations decline (Bunnell and Tait 1980, Schwartz et al.
2003). Like other wildlife species, grizzly bears are subject to both natural and man-caused
sources of mortality. Natural mortality rates vary by age and sex class. For adult males and
females, natural mortality rates have been reported to be between 4 and 7 percent
(McLoughlin 2003). Using estimates of mortality rates from radioed bears and their dependent
offspring in the NCDE, it is estimated that on average, approximately 16% of the entire
population, and 2.3% of the independent-aged bears die from natural causes each year (Table
5).

Table 5. Estimates of natural mortality levels in 2004 given an estimated population of 765 individuals
and a stable age distribution.

Age % of total stable # of bears out | Natural annual # mortalities per year
age population® of 765° mortality rate®
(n individuals)
Cubs 0.230 176 0.15 (n =73) 26
Yearlings 0.136 104 0.14 (n=48) 15
Independent-aged bears
female 0.398 304 0.03 (n=102) 9
male 0.235 180 0.05 (n =52) 9
Total natural mortalities 59
% natural mortality of 59/765=7.7%
total population
% of total population that 18/765 = 2.3%
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are independent-aged | | | |

®From stable state proportions.
® From estimate of total population size from Kendall et al. 2009.
“ Natural rates of annual mortality from evaluation of survival rates of radio-collared research females and their dependent young; 2004-2011.

In addition to natural mortality, brown bears can sustain an additional man-caused mortality
level for both sexes of between 2 and 5-6% (Miller 1989, McLoughlin 2003).

Sustainable Rate for independent male grizzly bears The fate of radio-collared male grizzly
bears captured and instrumented during field efforts to capture females for population trend
monitoring provided information on the current survival rate of independent males in the
NCDE.

During the period 2004-2011 51 research males were monitored at population trend
monitoring sites outside of Glacier National Park. Annual survival for independent males
averaged either 0.844 (assuming 1 unresolved bear died) or 0.862 (assuming the 1 bear lived)
(Table 6).

These survival data suggest a mean annual mortality rate for independent males of
between 0.138 and 0.156 during a period when no legal hunting occurred. These independent
male mortality rates were established during the same period that the population of grizzly
bears in the NCDE was growing at a mean lambda of 1.0306, and where 71% of Monte Carlo
simulations produced estimates of A > 1.0 (Mace et al. (2012). Population trend is most
influenced by female survival, not male survival (Hovey and McLellan 1986, Mace and Waller
1996, Harris et al. 2006.) An additional 5% man-caused mortality, above the 14-15% mortality
currently observed, will not additionally influence population trend. The Interagency Grizzly
Bear Study Team (2007) has stated that there are no quantitative tools to estimate the
“sustainable” male mortality rate for grizzly bears unless the presence of males in some way
influences female reproduction or survival, or if there are too few males to mate with available
females. Rather the mortality rate for males affects the ratio of males to females in the
population and at high levels could influence population viability.

Table 6. Survival rates of research male grizzly bears in the NCDE; 2004-2011.

Independent male sample Survival parameter
Estimate SE -95Cl +95 Cl
Natural Survival 0.946 0.037 0.809 0.986

Natural plus man-caused:

1 individual whose fate was unresolved assumed to 0.862 0.055 0.720 0.944
have lived

1 individual whose fate was unresolved assumed to

have died 0.844 0.058 0.694 0.928

Sustainable mortality rate for independent female grizzly bears. Mace et al. (2012) calculated
separate survival estimates for sub-adult (ages 2-4) and adult (ages 5+) females. Our estimates
of sub-adult and adult female survival were 0.852 (95% Cl = 0.628-0.951) and 0.952 (95% Cl =
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0.892-0.980) (Table 7). Coupled with other vital rates, Mace et al. (2012) estimated a mean
lambda of 1.0306.

As an alternative to separate age classes, a survival rate was estimated for these
categories combined (“independent female bears”). Analyses in program MARK found that this
model (using this single, 2+ age-category) was within 0.3359 AIC units of the model than
recognized both sub-adult and adult age-classes, suggesting that either model was similarly
supported by available data. Results indicated an estimated survival rate of 0.936 (SE = 0.0216,
and a 95% Cl 0.878-0.968) for the period 2004-2009. This survival rate suggests a mean
mortality rate of 0.064. Simulations (Section C) provided a similar but higher mean estimate of
lambda of between 1.038 and 1.047 (Table 8).

A maximum 10% annual mortality (90% survival) threshold has been established as a
population monitoring standard for independent females. Based on simulations by Harris
(Section C), a 90% independent female survival rate would result in a mean lambda of 1.009
(Table 8). This population trajectory corresponds to an essentially stable population size. For a
mean survival rate of 90%, 61% of the population simulations returned a value of lambda
greater than 1.0 (stable) (Table 8). Twenty-eight percent of simulations at this benchmark rate
indicated a population decline of > 2%.

In the event that, for whatever reason, the survival of independent females should
decline below 90% into the future, population management Standard #2 is in place to halt
further declines until a management review is completed documenting and correcting, if
possible, the reason behind the decline. The timing of the management review is based on the
impact of female survival on population trend. If, through known-fate monitoring of radioed
females, survival is determined to be between 0.89 and 0.90 for the most recent 12 year
period, a review will take place. This equates to a mean population trend of between 1.002-
1.009 (Table 8). Second, if survival is determined to be between 0.885 and 0.89 for the most
recent 10 year period, a review will take place. This corresponds to a mean population trend of
between >0.992 and 1.002 or a net change in the number of bears of -6 to +3 /bears year (Table
8). Third, if survival is determined to be between 0.875 and 0.885 for the most recent 8 year
period, a review will take place. This corresponds to a mean population trend of >0.983 and <
0.992 or a net change in the number of bears of -6 to -10/bears year (Table 8). And fourth, if
survival is determined to be between < 0.875 for the most recent 5 year period, a review will
take place. This corresponds to a mean population trend of < 0.982, or a net change of -13
bears/year (Table 8).

Table 7. Independent female survival rates from radio-collared bears in the NCDE.

Survival type Estimate SE -95% Cl +95% Cl
Natural survival ( n = 2 deaths)® 0.989 0.008 0.956 0.997
Natural survival (n =7 deaths)b 0.961 0.014 0.921 0.981

Natural and man-caused:
1 unresolved assumed alive 0.940 0.018 0.895 0.966

1 unresolved assumed dead 0.934 0.018 0.888 0.962

® assumes bears with undetermined causes of death were not natural.
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b . .
assumes bears with undetermined causes of death were natural.

Table 8. Mean, SD, 95 confidence limits, and proportion of simulated A values < 1.0, given
reproductive and survival rates as estimated for the NCDE grizzly bear population 2004-09, and trial
values of independent (age 2+) female survival. For all rates, distributions were generated using the
desired mean, and variances that approximated the 95 confidence interval surrounding their empirical
estimates.

Independent Mean A SDA Lower Upper 95% | ProportionA< 1.0 Proportion A > Proportion A < 0.98
Female Survival 95% A A (declining) 1.0 (> 2% decline)
(increasing)
0.87 0.983 0.0347 0.9145 1.0489 68.6 31.4 46.3
0.88 0.992 0.0349 0.9213 1.0574 58.3 41.7 36.7
0.89 1.002 0.0349 0.9303 1.0673 47.1 52.9 22.5
0.90 1.009 0.0348 0.9399 1.0750 39.0 61.0 28.0
0.91 1.019 0.0349 0.9476 1.0848 27.8 72.2 16.4
0.92 1.028 0.0356 0.9562 1.0949 20.9 79.1 8.7
0.93 1.038 0.0363 0.9626 1.1046 15.5 84.5 2.4
0.94 1.047 0.0353 0.9754 1.1129 10.1 89.9 3.4
0.95 1.056 0.0359 0.9808 1.1212 6.8 93.2 2.3

Section C: Distributions of growth rates of grizzly bears in the Northern Continental Divide
Ecosystem under various possible estimates of annual survival of independent bears.

Dr. Richard B. Harris
Department of Ecosystem and Conservation Sciences
University of Montana

I. Problem statement

Managers desire guidance on understanding the effects of various levels of mortalities
on the grizzly bear population inhabiting the Northern Continental Divide Ecosystem (NCDE).
Ideally, one would like to know how the number of mortalities that puts the population into a
negative trajectory, so as to attempt to avoid having this many die. Calculating such a number
with confidence is fraught with difficulty, for 2 reasons: 1) Although a precise estimate of total
population size has been published, there is, at present, no protocol in place for updating this
estimate; consequently, yearly population size of NCDE grizzly bears remains unknown; and 2)
Considerably uncertainty surrounds both estimates of the number of bears dying, and the vital
rates of the standing population.

Analyses conducted by Mace et al. (2012) suggest that the single best estimate of
population growth (A) during 2004-09 was1.0306 (i.e., roughly 3% increase yearly). However,
largely because sample sizes were limited and the time period of this investigation spanned
only 6 years, the 95% confidence limits around this estimate was 0.928-1.102. Thus, although
the authors deem it highly likely that the population was increasing, available data do not allow
this to be asserted with the conventional level of statistical certainty.

A possible option that managers may wish to consider in developing guidance regarding
number of mortalities is to use what is known about the demographics of this population to
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explore how A would vary if survival rates increased or decreased from the estimated value
during 2004-09.
Il. Objectives

The objectives of this exercise were to apply the level of uncertainty surrounding
current estimates of vital rates for female grizzly bears to alternative future point estimates of
the survival rate for independent female bears (defined here as age 2+), and from these,
generate distributions of rates of growth (A) that follow from these combinations. The results of
this exercise are useful to someone asking the following question: “Given that reproduction and
juvenile survival rates (as well as their uncertainty) are as best estimated during 2004-09, and
given that uncertainty surrounding survival of independent female bears is similar to that
estimated by Mace et al. (2012), what levels of annual female survival are consistent with a
grizzly bear population that is unchanging in size?”

Ill. Methods

| projected A from a series of life-tables of grizzly bear populations using PopTools (G. M.
Hood, 2009; PopTools version 3.11). Each life table was produced from a sampling from the
distributions of m, (the mean number of female cubs/adult female/yr), for s¢ (female cub
survival), and s; (female yearling survival) from the NCDE population, 2004-09 (Mace et al.
2012). | then used Monte Carlo methods (in PopTools) to sample from these distributions, each
time recalculating A. | then calculated means, standard deviations, and non-parametric 95%
confidence limits of these simulated distributions (the latter by excluding the upper and lower
2.5% of simulated results). In all cases, n = 5,000 iterations.

To parameterize these life tables, | used the following means and standard errors from
Mace et al. (2012): my: r= 0.36685, SE = 0.0453; sq: 1 =0.6119, SE =0.1077; s1: 7 = 0.6820, SE =
0.1322. Note that this reproductive rate (0.36685) was an adjusted rate that accounted for
cubs that were likely born but died prior to that year’s first observation of her mother but still
within the time period that the cub survival rate applied. Mace et al. (in press) calculated
separate survival estimates for sub-adult (ages 2-4) and adult (ages 5+) females. To simplify
calculations, | used a survival rate estimated for these categories combined (“independent
female bears”), by Mark Haroldson (using the same data set): S_, = 0.936, with a standard
error, SE =0.0216, and a 95% Cl 0.878-0.968. Analyses in program MARK found that this model
(using this single, 2+ age-category) was within 0.3359 AIC units of the model than recognized
both subadult and adult age-classes, suggesting that either model was similarly supported by
available data. | generated beta distributions that replicated the mean and 95% confidence
interval of this survival rate. | then varied the desired mean survival in 0.01 increments (0.87-
0.95), maintaining the same variance term in each case. Rates were modeled as independent of
one another (i.e., no temporal correlation among rates).

Ill. Results

For each trial value of S, | report means, standard deviations, and upper and lower
95% confidence limits of A in Table 1. Histograms of these distributions are shown in Figure 1.
Mean values of A and proportion of simulations < 1.0 are shown in Table 9.

10
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Table 9. Mean, SD, 95% confidence limits, and proportion of simulated A values < 1.0, given
reproductive and survival rates as estimated for the NCDE grizzly bear population 2004-09, and trial
values of independent (age 2+) female survival. For all rates, distributions were generated using the
desired mean, and variances that approximated the 95% confidence interval surrounding their
empirical estimates.

Independent Mean A SDA Lower Upper 95% | ProportionA < 1.0 Proportion A > Proportion A < 0.98
Female Survival 95% A A (declining) 1.0 (> 2% decline)
(increasing)
0.87 0.983 0.0347 0.9145 1.0489 68.6 31.4 46.3
0.88 0.992 0.0349 0.9213 1.0574 58.3 41.7 36.7
0.89 1.002 0.0349 0.9303 1.0673 47.1 52.9 22.5
0.90 1.009 0.0348 0.9399 1.0750 39.0 61.0 28.0
0.91 1.019 0.0349 0.9476 1.0848 27.8 72.2 16.4
0.92 1.028 0.0356 0.9562 1.0949 20.9 79.1 8.7
0.93 1.038 0.0363 0.9626 1.1046 15.5 845 2.4
0.94 1.047 0.0353 0.9754 1.1129 10.1 89.9 3.4
0.95 1.056 0.0359 0.9808 1.1212 6.8 93.2 2.3

Fig. 2. Histograms of simulated A given mean reproductive and juvenile female survival rates as
estimated for the NCDE grizzly bear population 2004-09, and trial values of independent (age 2+)
female survival. For cub survival (s,), yearling survival (s,), and independent female survival (s,.), beta
distributions were generated using the mean, and variances from their empirical estimates. For
reproductive rate (m,), a normal distribution was generated using the mean and variance from its
empirical estimate (Mace et al. 2012).
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Table 9 and Fig. 2 should be interpreted with the following information in mind. The
magnitudes of variability surrounding each estimate of A account for uncertainty of estimates
for reproductive and survival rates but not for any possible covariance among these rates
(although this is likely to be relatively unimportant). Projections of A produced in this way also
implicitly assume that mean reproductive and juvenile survival rates would remain unchanged
under hypothetical survival rates of independent females, as well as with associated changes in
density and distribution of grizzly bears.

To make an informed decision on the appropriate management goal for population
management in the NCDE, managers need to consider Figure 3. Independent female survival is
the vital rate that can be managed and carefully monitored to measure adherence to the
management goal. Pervious sections of this report have detailed the methods available to
measure independent female survival. The closer the management goal is to threshold
management, the more uncertainty about the trajectory of the population increases.
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Figure 3. The proportion of the 95% confidence interval around independent female survival in the

NCDE that lies below A = 1.0 for survival rates between 86% and 95%. A = 1.0 is a stable population

with no increase in size. The probability that the population is decreasing is represented by the Y axis

(the proportion of the calculated [1<1.0). Note that
decreases. For example, at survival = 0.91, 29% of the 95% confidence interval is below A = 1.0. The

larger the proportion of the 95% confidence interval below A = 1.0, the greater the uncertainty that

the population is stable to increasing.
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Section D: Supporting Information for Demographic Standards 2-4

Standard 2. Maintain a point estimate of independent female (2+ years’ old) survival of > 0.90
averaged over the most recent 6-year period in the PCA and Zone 1.

Two estimates of independent female survival will be calculated and reported by the
NCDE Monitoring Team each year: 1) independent female survival over the entire PCA and Zone
1, and 2) “All independent females excluding those whose annual home range is entirely within
GNP” (See Section F).

The sample of radioed-females to use in survival analyses must meet the protocol of
Mace et al. (2012) and Schwartz et al. (2006) as being “research females.” For survival analysis
#1 (above), all independent radioed-females throughout the PCA and Zone 1 in the sample will
be used in the analysis including radioed female bears in Glacier National Park. For survival
analysis #2 (above), all radioed females except those whose annual home range is entirely
within the Park boundary will be used.

Independent female survival will be estimated annually using the staggered-entry
Kaplan-Meier (known fate) method as in Mace et al. (2012) or other appropriate method.
Survival will be calculated and averaged over the most recent 6-year period to ensure adequate
sample sizes. Each year, females whose telemetry points are entirely within Glacier National
Park will be excluded from survival analyses for the second estimate. The known fate method
of calculating survival is described in Appendix 2-1.
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Standard 3: Independent female mortality will not exceed 10% of the estimated number of
independent females in the following two areas, whichever is reached first : 1) all independent
females inside the PCA or Zone 1; and 2) all independent females excluding those whose annual
home range is entirely within Glacier National Park. (See Appendix 2, Section F). The average
number of independent female mortalities from all causes in the areas described above,
including grizzly bears dying from known and probable human-caused, natural, calculated
unknown and unreported, and undetermined causes, will not exceed 10% of the projected
population size of independent females estimated in either of the two areas described above,
whichever is reached first, as averaged over the most recent 6-year period (e.g., 2006-2011,
2007-2012, and so on). Annual mortality reports will be used by population managers to
determine maximum annual discretionary mortality.

Standard 4: Independent male mortality will not exceed 20% of the estimated number of
independent males outside of Glacier National Park but inside the PCA or Zone 1 (see Appendix
2, Section D, Table 13). The average number of independent male mortalities from all causes
outside of GNP but inside the PCA and Zone 1, including grizzly bears dying from known and
probable human-caused, natural, calculated unknown and unreported, and undetermined
causes, will not exceed 20% of the projected population size of independent males outside GNP
as averaged over the most recent 6-year period (e.g., 2006-2011, 2007-2012, and so on).
Annual mortality reports will be used by population managers to determine maximum annual
discretionary mortality.

Mortalities of independent females and males will be tallied and reported for the PCA
and Zone 1, including Glacier National Park each year, and reported for the two areas described
above. Annual mortality reports of all bears will include all mortalities from all causes including
grizzly bears dying from known and probable human-caused, natural, calculated unknown and
unreported, and undetermined causes. Levels of unreported mortality will be estimated and
updated using the methods of Cherry et al. (2002) and as described in Section E. Few
independent female mortalities occur within Glacier National Park (Table 10). Mortality records
will be collected and maintained by the NCDE Monitoring Team led by MFWP.

Mortality limits will be used by State and Tribal population managers to determine
allowable discretionary mortality that will ensure the standards for survival and mortality are
met. To calculate annual allowable independent male and female mortality, managers will use
estimates of the population size as extrapolated from population trend (A). Two estimates of
lambda will be calculated and reported by the NCDE Monitoring Team each year: 1) lambda
over the entire PCA and Zone 1, and 2) lambda for that portion of the population (See Section
F) that use habitats either entirely outside of Glacier National Park plus that portion of the
population that straddles the Park boundary.

The 2 estimates of population trend will be calculated each year using the most recent 6
years of vital reproductive and survival rate data obtained from the sample of radio-collared
independent females. All vital population rates and associated standard errors will be
estimated using the method of Mace et al. (2012) or other appropriate methods. Population
trend will be estimated using program RISKMAN or other appropriate model, including
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measures of uncertainty. Sub-adult and adult female survival rates will be pooled for analyses
unless significant differences exist. Trends in all vital rates will be investigated annually.

Each year, a total mortality limit of 10% of independent females will be calculated for
the both: a) the entire population in the PCA and Zone 1 and separately for: b) all females
except those living entirely within Glacier National Park. These calculations are given in Table
11. Second, the number of known and probable non-hunting independent female mortalities
outside GNP will be averaged over the most recent a 6-year period. This average non-hunting
mortality number will then be subtracted from the total limit of 10% to ascertain the number of
discretionary mortalities available per year. Between 1999 and 2011, an average of 11
independent females were known to die from non-hunting causes each year outside of Glacier
National Park but within the PCA and Zone 1 but this number does not include the estimated
unknown/unreported kills during that period (Table 12).

Each year, a total mortality limit of 20% of independent males will be calculated for the
both: a) the entire population in the PCA and Zone 1 and b) separately for those independent
males expected to be using habitats outside the Park and straddling the Park boundary. These
calculations are given in Table 13. Second, the number of known and probable non-hunting
independent male mortalities outside GNP will be averaged over the most recent a 6-year
period. This average non-hunting mortality number will then be subtracted from the total limit
of 20% to ascertain the number of discretionary mortalities available per year. Between 1999
and 2011, an average of 14 independent males were known to die from non-hunting causes
each year outside of Glacier National Park but within the PCA and Zone 1 but this number does
not include the estimated unknown/unreported kills during that period (Table 14).

Table 10. Annual known and probable grizzly bear mortalities in the PCA and Zone 1 that showing
mortalities within and outside Glacier National Park. Data do not include an estimate of unreported
mortality; 1999-2011.

Year Percent of all known Percent of independent
or probable grizzly female mortalities in the NCDE
mortalities inside that occurred within GNP

GNP

1999 0.0 0.0

2000 0.0 0.0

2001 4.2 0.0

2002 7.1 0.0

2003 6.7 0.0

2004 0.0 0.0

2005 0.0 0.0

2006 214 20.0

2007 0.0 0.0

2008 7.1 0.0

2009 15.0 20.0
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2010 0.0 0.0

2011 3.1 0.0

Mean 4.3% 3.1%

Table 11. Method to calculate annual sustainable mortality for independent females.

Area Estimate of total number Proportion of Proportion of Independent
of females in given year independent females (2+ independent females female mortality

(Tepop)’ years old)b using habitats outside limit (10%)
GNP*

a)PCA and Zone 1 = (471)\° 0.69 na T £pop)*0.68*0.10

b)Proportion of population

using = (471)7\,Z 0.69 0.71 TFPQP)*0_69*0_71*0_10

habitats outside GNP

2015 example

a) PCA and Zone 1 (471)1.03"' = 652 652*0.69=450 na 450%0.10 = 45

b)Proportion of

population using (471)1.0311 =652 652*0.69=450 450*0.71=320 320*%0.10=32

habitats outside GNP

® estimate of 471 females in 2004 (Kendall et al. 2009), ), and trend of 1.03 from Mace et al. (2012). “Z” is the number of year’s post-2004.
® see Section A for estimation of proportion of independent females from stable age distribution.
¢ see Section F for estimated proportion of the population of grizzly bears that use habitats outside and straddling the boundary of Glacier

National Park.

Table 12. Female mortality records for that portion of NCDE outside of Glacier Park.

Mortality Cause
Year Est. independent Mgmt Public Unreported Telemetry Total % Morta\lityb
female population Removals Discovery Estimate Discovery
outside of GNP’

1999 209 0 4 5 0 9 3.2
2000 215 2 6 8 1 17 5.9
2001 221 2 5 7 0 14 4.7
2002 227 1 4 5 0 10 3.3
2003 234 1 1 1 0 3 1.0
2004 242 3 3 4 4 14 4.3
2005 248 5 1 1 1 8 2.4
2006 256 1 0 1 2 4 1.2
2007 263 0 6 8 1 15 4.2
2008 272 3 2 2 0 7 1.9
2009 280 0 5 7 2 14 4.0
2010 288 2 0 1 2 5 1.6
2011 296 2 7 9 0 18 4.5
Mean 1.77 3.38 4.54 1.0 10.77 3.2%

® Estimated number of females derived from Kendall et al.’s (2009) estimate of 471 total females in 2004. Seventy-five percent of the
population is estimated to use habitats outside of Glacier National Park. Population grew at a lambda of 1.03 (Mace et al. 2012).

® Total mortality/population size.

Table 13. Method to calculate annual sustainable mortality for independent males.

Area

Estimate of total number

Proportion of
independent males (2+

Proportion of
independent males using

Independent male
mortality limit

of males in given year years old)® habitats outside GNP* (20%)
(Tchp)a
a)PCA and MZ1 =(295)\° 0.56 na T Fpop)*0.56*0.20
b)Proportion of population
using = (295)7\,1 0.56 0.79 TFpop)*O.SG‘OJS"O.ZO
habitats outside GNP

2015 example

16




NCDE Grizzly Bear Conservation Strategy Appendices February 2013

a) PCA and MZ1 (295)1.0311 =408 408*0.56=228 na 237*%0.20 = 47
b)Proportion of

population using (295)1.03" = 408 408*0.56=228 228*0.79=180 180*0.20 = 36
habitats outside GNP

? estimate of 295 males in 2004 (Kendall et al. 2009), and trend of 1.03 from Mace et al. (2012). “Z” is the number of year’s post-2004.
® see Section A for estimation of proportion of independent males from stable age distribution.
€ see Section F for estimated proportion of the population of grizzly bears that use habitats outside of Glacier National Park.

Table 14. Male mortality records for that portion of the PCA and Zone 1 outside of Glacier Park.

Mortality Cause

Year Est. independent Mgmt Public Unreported Telemetry Total % Mortalityb

male population Removals Discovery Estimate Discovery

outside of GNP®
1999 116 5 2 2 2 11 9.5
2000 120 3 1 1 0 5 4.2
2001 123 5 5 7 2 19 15.4
2002 127 3 4 5 0 12 9.4
2003 131 3 1 1 0 5 3.8
2004 135 1 6 8 0 15 11.1
2005 139 2 8 11 1 22 15.8
2006 143 2 1 1 1 5 3.5
2007 147 2 10 14 0 26 17.7
2008 152 1 4 5 0 10 6.6
2009 156 1 6 8 0 15 9.6
2010 161 7 3 4 0 14 8.7
2011 166 7 6 9 1 23 13.9
Mean 3.2 2.3 4.0 5.4 14 9.9%

® Estimated number of males derived from Kendall et al.’s (2009) estimate of 294 total males in 2004. Population grew at a lambda of 1.03
(Mace et al. 2012). Independent males are assumed to be 58% of total using stable state probabilities from program RISKMAN. Seventy-nine
percent of the population is estimated to use habitats outside of Glacier National Park.

® Total mortality/population size.

Section E. Estimating the Level of Unreported Mortality for Grizzly Bears in the NCDE

Mace, R. and L. Roberts. 2011. Northern Continental Divide Ecosystem Grizzly Bear
Monitoring Team Annual Report, 2009-2010. Montana Fish, Wildlife & Parks, 490 N. Meridian
Road, Kalispell, MT 59901. Unpublished data.

Introduction

Grizzly bear mortalities in the NCDE are recorded annually. The number grizzly bear of
deaths involving agency removals, and those that die while wearing functional radio collars are
know with certainty. However, managers acknowledge that not all dead bears discovered by
the public are reported to authorities. To more accurately estimate the total number of bear
mortalities occurring each year requires an estimate of the level of these unreported
mortalities. Although such estimates are available for the Greater Yellowstone Ecosystem, and
are incorporated into annual total mortality tabulations no such estimates have been made for
the NCDE. To more accurately estimate annual total mortality in the NCDE, we employed the
methods of Cherry et al. (2002) using a sample of radio-instrumented bears.
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Methods

Cherry et al. (2002) provided a method wherein radio-collared bears that died were
used to estimate additional grizzly bear deaths that go undetected. Each death of an
independent aged (2 + years old) radioed-instrumented bear, monitored between 1999 and
2010, was classified as being either reported by the public or unreported by the public. We
defined a reported death as one where either a radioed or non-radioed bear that was reported
to wildlife management authorities by the public without the aid of radio-telemetry. We
defined an unreported death as the death of a radioed bear discovered by telemetry. Bears
reported by employees of other state, federal, or tribal agencies were considered publicly
reported deaths. Likewise, bear/train collisions reported by Burlington Northwestern personnel
were considered to be public reportings.

We used a sample of independent-aged (2+ years old) grizzly bears radioed-monitored
at time of death, 1999-2010. We considered deaths where bears were wearing a functional
radio collar at time of death, and were radio-monitored within 2 months of death. Additionally,
the death had to be either a known death (a carcass or other evidence) or a probable death
(Strong evidence of death, but no carcass) (Cherry et al. 2002). We excluded radioed bears that
were removed from the ecosystem due to conflicts with humans (management removals).

The number of reported and unreported deaths of radio bears was then used in the
Bayesian method of Cherry et al. (2002), to estimate the number of grizzly bear deaths that go
unreported each year. As per the Interagency Grizzly Bear Study Team document (2005), we
used the median of the creditable interval for the estimated reported and unreported loss.

Results

We used data from 32 radio-collared bears to estimate the ratio of unreported to
reported mortalities in the NCDE. We drew inference from 13 and 19 instrumented males and
females, respectively. For males, 53.8% of the deaths were reported, while 31.5% of the female
deaths were reported (Table 15). When sexes were combined, 40.6% of the deaths were
reported, and 51.43% were unreported. The ratio of unreported to reported deaths for both
sexes suggest that for every 1 reported death there are 1.43 deaths were not reported to
management authorities.

The estimated total reported and unreported deaths per year is provided in Table 16
given the unreported rate of 1.43. To calculate total mortality of independent aged bears of
each sex annually, sanctioned management removals, and removals of radio-collared bears
must be add to this total.

Table 15. Cause of death for 32 radio-collared grizzly bears in the NCDE that were used to judge the
level of unreported mortality; 1999-2010.

Cause of death Reporting of Mortality by Sex Total
Male Female
Reported by Public Unreported by Public Reported by Public Unreported by Public
(due to tel ry) (due to telemetry)

Train collision 0 5
Automobile collision

Defense-of-life

w o N N
2 ©o o o
N Rk O W

0
0 1
Illegal 3 12
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Undetermined 0 1 0 8 9
Natural 0 1 0 2 3

Total 7 6 6 13 32

Table 16. Estimated number of reported and unreported deaths of grizzly bears each year based on
the ratio of unreported to reported deaths (1.43) of a test sample of radioed bears. These numbers
should be used separately for male and female deaths.

Number of Publicly Reported Estimated Number of Total Reported and
Deaths per year® Unreported Deaths per year Unreported Deaths per yearh

0 1 1

1 1 2

2 2 4

3 4 7

4 5 9

5 7 12

6 8 14

7 9 16

8 11 19

9 12 21

10 14 24

“ the number of deaths in the official mortality records reported by the public.
®the median of the credible interval for reported and unreported mortalities (Cherry et al. 2002).

Section F. Proportion of grizzly bear population using habitats outside of Glacier National
Park: Where do the mortality standards apply

Prepared by: Richard Mace, John Waller, Dan Carney, Chris Servheen

Introduction

This chapter contains a description of management zones, and outlines proposed
population management strategies. Management of independent male and female mortality
limits is a central part of the Chapter. Within the PCA and Management Zone 1, there are 2
standards (3 and 4) which pertain to allowable mortality limits for independent males and
females. It is necessary to determine where within the PCA, and what portion of the male and
female population are subject to the mortality standards of 10% for independent females and
20% of independent males.

The PCA can be divided into 2 main areas regarding mortality standards; Glacier
National Park where the use of discretionary mortality is very limited, and the remainder of the
PCA where there is most discretionary mortality management would be applied. It is therefore
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necessary to determine the proportion of the total population of independent males and
females that occupy habitats either wholly or partly outside of Glacier National Park.

Methods

To address this issue, we used home ranges from radio-instrumented female grizzly
bears, and DNA detections at rub-trees for the period 2009-2011 (Kendall, USGS unpublished
data; email to C. Servheen dated 5 July, 2012). Location data on these radioed females were
obtained as a part of the NCDE Grizzly Bear Trend Monitoring Program (Mace et al. 2012).

For the radioed sample of females, we examined the home ranges of those individuals
that lived within and directly adjacent to Glacier National Park. We did not include bears
captured and radioed during human conflict situations. For each individual and year, we used
the telemetry coordinates and calculated the standard radius (km) of each bears annual home
range (Harrison 1958, Single and Roseberry 1989). The standard radius was calculated as D; =
V((xz—x1)2+(y2—y1)2). Using GIS, we then buffered the boundary of Glacier Park using this radius.
Each female was categorized as having a home range that was 1) 100% within Glacier Park, 2)
100% outside of the park but within the buffer, or 3) bears whose home range straddled the
Park. For these females, we determined the percentage of telemetry points within and outside
Glacier Park. The percentage was assumed to be closely correlated with the amount of time
bears spend in and out of the park.

We then evaluated the individual male and female grizzly bears that were detected at
through DNA at rub-trees to ascertain the proportion of individuals in 3 geographic zones.
These zones were: 1) a buffer zone that was the average home range radius extending outside
the Park boundary plus a home range radius that extended inside the Park boundary, 2) the
internal portion of GNP not within the buffer zone, and 3), the area of the NCDE outside the
buffer surrounding the Park (Fig. 4). The proportions of males and females detected in each
zone were then determined.

Results

Home Range Location Relative to GNP

We evaluated 76 home ranges of 34 females that lived in or adjacent to Glacier Park.
Home ranges were developed for the period 2004-2011, and individual females had between 1
and 6 annual home ranges within the sample. Most home ranges (59%) straddled the Park
boundary (Table 17). Home range diameters were, on average, smallest for bear that lived
100% within the Park, and largest (mean = 6.07 km) for females that straddled the Park
boundary. For the pooled sample, the average home range radius was approximately 5 km. For
the bears that straddled the Park, an average of 57.02% of their locations were within the Park
(Table 18), while 42.98% were outside the Park. A sample of multi-annual female home ranges
that straddle the GNP boundary is shown in Fig. 5.

DNA Rub-tree Detections

Comments by K. Kendall (USGS) regarding the results of the distribution grizzly bear
detections at rub-trees are as follows. “The proportion of bears detected in each zone was
similar for hair traps and bear rubs in 2004. The proportion of bears outside of GNP and the
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buffer was consistently higher 2009-2011 than in 2004. This is consistent with preliminary
analysis of trend data from bear rub monitoring suggesting that the population inside GNP
increased slightly or was stable 2004-2010 and the population outside GNP increased at a
higher rate. We sampled all of habitat in the NCDE thought to be occupied by grizzlies in 2004,
which extended beyond the Recovery Zone boundary. The proportions in the table do not
include 21 individuals detected in 2004 and 16 individuals detected in 2009-2011 whose
average locations were outside the Recovery Zone boundary. Obviously, if these bears were
included, the proportion of the population occurring outside the park would be higher. We did
not sample in Canada so we had no detections in the buffer north of the border.”

For females, 75% of the individuals were detected in either the 12 km buffer around the
Park or in the remainder of the NCDE (Table 18). This is the assumed proportion of the
independent female population in the NCDE that either do not use the Park or move between
the Park and non-park habitats.

For males, 79% of the individuals were detected in either the 12 km buffer around the
Park or in the remainder of the NCDE (Table 18). This is the assumed proportion of the
independent male population in the NCDE that either do not use the Park or move between the
Park and non-park habitats.

Table 17. Home range radius size for bears living 100% outside GNP, 100%
inside of GNP, and for those bears whose ranges straddled the Park boundary.

Female Home Range Relationship Radius of Home Range (km)
Relative to Glacier Park

Mean | -95% Cl | +95% Cl | n SE
100% In GNP 2.799 | 2.289 3.308 21 | 0.244
100% Out Of GNP 4.645 | 3.515 5.775 10 | 0.499
Straddle Park Boundary 6.070 | 5.044 7.096 45 | 0.509
All Groups 4979 | 4.273 5.684 76 | 0.354

Table 18. Proportion of males and females detected by DNA at rub-trees in different zones within the
NCDE (Kendall, USGS, unpublished data).

Area of the NCDE % of population

detected at rub-trees
in each zone

FEMALES

GNP Core 24%

12 km buffer around GNP? 16%

Remainder of NCDE® 59%

a+b 75%

MALES

GNP Core 22%

12 km buffer around GNP? 18%

Remainder of NCDE” 61%
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a+b 79%

Figure 4. Location of 3 geographic zones used to judge the proportion of the male and female grizzly
bear population that use non-park habitats; Core GNP, a 12 km wide buffer (6 km internal to park
boundary, and 6 km outside the boundary), and the remainder of the NCDE.

P T—

NCDE ™ Chebesw

Figure 5. Female grizzly bear convex polygon home ranges (multi-annual) relative to Glacier National
Park, for those females who used both Park and non-park habitats; 2004-2011.
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Appendix 3
Habitat Baseline 2011 — Motorized Access in Each Bear Management Subunit
BMU Subunit Name Principal Agency OMRD TMRD CORE
BATM | Badger LCNF-Rocky Mtn Front RD 0 0 94
BATM | Heart Butte LCNF-Rocky Mtn Front RD 1 0 81
BATM | Two Medicine LCNF-Rocky Mtn Front RD 2 1 87
BGSM | Albino Pendant FNF-Spotted Bear RD 0 0 100
BGSM | Big Salmon Holbrook FNF-Spotted Bear RD 0 0 100
BGSM | Black Bear Mud FNF-Spotted Bear RD 0 0 100
BGSM | Brushy Park FNF-Spotted Bear RD 0 0 100
BGSM | Buck Holland FNF-Swan Lake RD 24 41 49
BGSM | Burnt Bartlett FNF-Spotted Bear RD 0 0 100
BGSM | Hungry Creek FNF-Spotted Bear RD 0 0 100
BGSM | Little Salmon Creek FNF-Spotted Bear RD 0 0 100
BGSM | Meadow Smith FNF-Swan Lake RD 21 53 41
BGSM | White River FNF, Spotted Bear RD 0 0 100
BITE Birch LCNF-Rocky Mtn Front RD 0 0 93
BITE Teton LCNF-Rocky Mtn Front RD 12 4 75
BNKR Big Bill Shelf FNF-Spotted Bear RD 11 2 87
BNKR Bunker Creek FNF-Spotted Bear RD 5 3 92
BNKR | Goat Creek FNF-SLRD & MT DNRC 23 59 42
BNKR | Gorge Creek FNF-Spotted Bear RD 0 0 100
BNKR Harrison Mid FNF, - Spotted Bear RD 1 0 99
BNKR | Jungle Addition FNF-Spotted Bear RD 19 17 68
BNKR Lion Creek FNF-SLRD & MT DNRC 19 47 51
BNKR | South Fork Lost Soup FNF-SLRD & MT DNRC 25 48 40
BNKR | Spotted Bear Mtn FNF-Spotted Bear RD 20 18 68
CODV | Pentagon FNF-Spotted Bear RD 0 0 100
CODV | Silvertip Wall FNF-Spotted Bear RD 0 0 100
CODV | Strawberry Creek FNF-Spotted Bear RD 0 0 100
CODV | Trilobite Peak FNF-Spotted Bear RD 0 0 100
DELK Falls Creek LCNF-Rocky Mtn Front RD 0 0 85
DELK Scapegoat LCNF-Rocky Mtn Front RD 2 0 83
HGHS | Coram Lake Five FNF-Hungry Horse RD 30 46 18
HGHS Doris Lost Johnny FNF-Hungry Horse RD 57 19 36
HGHS | Emery Firefighter FNF-Hungry Horse RD 19 20 53
HGHS Peters Ridge FNF-HHRD & SLRD 52 25 34
HGHS Riverside Paint FNF-Hungry Horse RD 19 16 73
HGHS | Wounded Buck Clayton FNF-Hungry Horse RD 28 28 65
LMFF Dickey Java FNF-Hungry Horse RD 9 0 85
LMFF Lincoln Harrison Glacier NP 0 0 98
LMFF Moccasin Crystal FNF-Hungry Horse RD 8 1 81
LMFF Muir Park Glacier NP 0 0 98

February 2013
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BMU Subunit Name Principal Agency OMRD TMRD CORE
LMFF Nyack Creek Glacier NP 0 0 100
LMFF Ole Bear Glacier NP 0 0 94
LMFF Pinchot Coal Glacier NP 0 0 99
LMFF Stanton Paola FNF-Hungry Horse RD 8 3 83
LNFF Anaconda Creek Glacier NP 5 0 94
LNFF Apgar Mountains Glacier NP 15 4 81
LNFF Canyon McGinnis FNF-GVRD & FNF-TLRD 18 30 56
LNFF Cedar Teakettle FNF-Glacier View RD 35 32 24
LNFF Dutch Camas Glacier NP 6 0 93
LNFF Lake McDonald Glacier NP 13 5 85
LNFF Lower Big Creek FNF-Glacier View RD 18 20 66
LNFF Upper McDonald Creek Glacier NP 9 2 90
LNFF Werner Creek FNF-Glacier View RD 19 21 42
MSRG | Beaver Creek FNF-Swan Lake RD 6 26 66
MSRG | Cold Jim FNF-Swan Lake RD 18 56 43
MSRG | Crane Mtn FNF-Swan Lake RD 28 56 38
MSRG | Crow Flathead IR 6 3 92
MSRG | Glacier Loon FNF-Swan Lake RD 22 43 45
MSRG | Hemlock Elk FNF-Swan Lake RD 6 30 64
MSRG | Piper Creek FNF-SLRD & MT DNRC 19 43 52
MSRG | Porcupine Woodward FNF-SLRD & MT DNRC 28 72 15
MSRG | Post Creek Flathead IR 10 5 87
MSRG | Saint Marys Flathead IR 4 2 94
MLFK Alice Creek HNF-Lincoln RD 9 17 71
MLFK Arrastra Mountain HNF-Lincoln RD 15 19 75
MLFK Monture LNF-Seeley Lake RD 1 0 99
MLFK Mor-Dun LNF-Seeley Lake RD 17 17 78
MLFK N-Scapegt LNF-Seeley Lake RD 0 0 100
MLFK Red Mountain HNF-Lincoln RD 22 20 62
MLFK S-Scapegt LNF-Seeley Lake RD 10 14 79
MULK | Krinklehorn KNF-Fortine RD 22 14 75
MULK | Therriault KNF-Fortine RD 25 9 72
NFSR Lick Rock LCNF-Rocky Mtn Front RD 0 0 100
NFSR Roule Biggs LCNF-Rocky Mtn Front RD 0 0 100
NEGL Belly River Glacier NP 0 0 99
NEGL Boulder Creek Glacier NP & Blackfeet IR 18 13 76
NEGL Chief Mtn Glacier NP & Blackfeet IR 28 10 53
NEGL Poia Duck Glacier NP & Blackfeet IR 23 8 68
NEGL Upper Saint Mary Glacier NP 11 1 89
NEGL Waterton Glacier NP 0 0 100
RTSN Mission LNF-Seeley Lk RD & MFWP 23 57 33
RTSN Rattlesnake LNF-Missoula RD 3 13 86
RTSN South Fork Jocko Flathead IR 38 14 59
SUBW | South Fork Willow LCNF-Rocky Mtn Front RD 8 2 88
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BMU Subunit Name Principal Agency OMRD TMRD CORE
SUBW | West Fork Beaver LCNF-Rocky Mtn Front RD 12 4 84
SEGL Divide Mtn Glacier NP & Blackfeet IR 32 25 67
SEGL Midvale Glacier NP & Blackfeet IR 7 4 87
SEGL Spot Mtn Glacier NP & Blackfeet IR 10 3 79
STRV Lazy Creek MT DNRC 68 62 10
STRV Stryker MT DNRC 37 33 50
STRV Upper Whitefish MT DNRC 34 57 54
SLVN Ball Branch FNF-Spotted Bear RD 8 4 84
SLVN Jewel Basin Graves FNF-Hungry Horse RD 19 19 72
SLVN Kah Soldier FNF-Spotted Bear RD 19 18 69
SLVN Logan Dry Park FNF-HHRD & FNF-SBRD 30 33 54
SLVN Lower Twin FNF-Spotted Bear RD 9 2 91
SLVN Noisy Red Owl FNF-Swan Lake RD 22 14 59
SLVN Swan Lake FNF-Swan Lake RD 40 23 46
SLVN Twin Creek FNF-Spotted Bear RD 0 0 100
SLVN Wheeler Quintonkon FNF-HHRD & FNF-SBRD 25 17 66
TESR Deep Creek LCNF-Rocky Mtn Front RD 4 2 73
TESR Pine Butte LCNF-Rocky Mtn Front RD 6 2 71
UMFF | Flotilla Capitol FNF-HHRD & FNF-SBRD 0 0 100
UMFF | Long Dirtyface FNF-Hungry Horse RD 0 0 100
UMFF | Plume Mtn Lodgepole FNF-HHRD & SBRD 0 0 100
UMFF | Skyland Challenge FNF-Hungry Horse RD 20 17 63
UMFF | Tranquil Geifer FNF-Hungry Horse RD 0 2 90
UNFF Bowman Creek Glacier NP 6 0 93
UNFF Coal & South Coal FNF-Glacier View RD 15 21 72
UNFF Ford Akokala Glacier NP 7 1 93
UNFF Frozen Lake FNF-Glacier View RD 10 4 86
UNFF Hay Creek FNF-Glacier View RD 24 13 55
UNFF Ketchikan FNF-Glacier View RD 16 3 72
UNFF Kintla Creek Glacier NP 3 0 96
UNFF Logging Creek Glacier NP 4 0 94
UNFF Lower Whale FNF-Glacier View RD 36 17 50
UNFF Quartz Creek Glacier NP 4 0 93
UNFF Red Meadow Moose FNF-Glacier View RD 25 17 55
UNFF State Coal Cyclone FNF-GVRD & MT DNRC 31 24 59
UNFF Upper Trail FNF-Glacier View RD 14 4 88
UNFF Upper Whale Shorty FNF-Glacier View RD 12 10 86
USFF Basin Trident FNF-Spotted Bear RD 0 0 100
USFF Gordon Creek FNF-Spotted Bear RD 0 0 100
USFF Jumbo Foolhen FNF-Spotted Bear RD 0 0 100
USFF Swan LNF-Seeley Lake RD 32 16 55
USFF Youngs Creek FNF-Spotted Bear RD 0 0 100

| Indicates subunit is >50% federal or tribal wilderness of all lands within subunit.
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Appendix 4

February 2013

Habitat Baseline 2011 — Developed sites in Each Bear Management Unit

Overnight Sites

BMU Name Residences - - Campgrounds | Day-Use | Trailheads Admin.
# sites type of capacity
Badger Two Medicine - - - 1(17) 1 7 2
Big Salmon 32 2 7 cabins; 9 rooms 4 (50) 5 8 12
Birch Teton 7 1 6 cabins; 1 room 3(23) 3 8 1
Bunker - 3 17 cabins; 2 rooms; 4 bunkhouses 7 (54) 6 26 5
Continental Divide - - - - - - 5
Dearborn Elk 1 - - - 1 3 2
Hungry Horse - - - 11 (139) 20 39 6
Lower Middle Fork Flathead 10 - - 12 (32) 7 16 12
Lower North Fork Flathead 82 9 54 cabins; 185 rooms; 2 bunkhouses; 362 19 (726) 35 60 24
emp. beds
Mission Range 1 1 1 cabin 1(22) 5 17 -
Monture Landers Fork - 1 1 cabin 4 (42) 11 28 8
Murphy Lake - 5 5 cabins 8 (29) 12 41 1
Northeast Glacier - 4 27 cabins; 350 rooms; 294 emp. beds 27 (429) 16 28 14
North Fork Sun River - - - - - 5
Rattlesnake - 1 1 cabin 1(3) - 6 -
Southeast Glacier - - - 11 (143) 9 14 8
Sullivan 20 2 9 cabins; 1 room; 1 bunkhouse 8 (89) 9 30 6
Stillwater River - - - 2 (3) - 2 1
South Fork Sun Beaver Willow 74 4 19 cabins; 2 rooms; 3 bunkhouses; 3 RV 6 (65) 2 15 8
Teton Sun River 17 1 2 bunkhouses 2(32) 2 10 4
Upper Middle Fork Flathead - 2 2 cabins 2(21) 3 12 4
Upper North Fork Flathead 7 7 7 cabins 24 (153) 6 36 21
Upper South Fork Flathead - 1 1 cabin - 3 5 6

Residences.

residences. However, there will be no new residences allowed.

Overnight Sites.
Campgrounds.

Day-Use.
Trailheads.

These are full-time or seasonal recreational residences. We have no authority to limit increases in capacity at these sites so it is not reported for these essentially private

Cabin rentals, guest lodges with or without rooms and/or cabins, camps, etc. Capacity is the number of cabins, rooms, bunkhouses, employee beds (Glacier NP) and RV sites.

List # of campgrounds with # of campsites in parentheses, i.e. “2 (32)” is two separate campgrounds with a total number of 32 sites. Campground development ranges from fully
developed with all amenities to very minimal development. There are group sites included; however, the number accommodated at one group site is variable.

Site includes businesses, restaurants, river/lake access, picnic areas, points of interests, etc.
Trailheads range from fully developed to a turn-out at a road closure.
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Admin. Administrative sites include ranger stations, work centers, guard stations, active fire lookouts, etc. While these sites are not subject to the Developed Site standards, increases in
the number of administrative sites on Federal lands will be minimized so they are reported here to provide transparency and accountability.
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Appendix 5

Protocol Paper for Motorized Access Analyses Application Rule

EXECUTIVE SUMMARY

This Protocol Paper contains a descriptive explanation of the application rule for motorized access
density and secure core analyses as well as key points for the components, input GIS layers, and actual
processes. The paper is intended to provide the reader with both a general background for moving
window route density and secure core analyses as well as specific information and requirements for the
Northern Continental Divide Ecosystem (NCDE) Conservation Strategy (2012).

A moving window type of motorized access density analysis requires several components: 1) a road
layer; 2) atrail layer; 3) analysis area(s); and 4) a good vector and raster-based GIS software package.
The secure core area analysis involves buffering roads and trails a given distance, using GIS software.
Either raster or vector GIS software will work for the secure core analysis, but vector is more commonly
used.

There are five sections within the Protocol Paper:

1. BACKGROUND gives some history and rationale for methods of calculating road densities,
and a general description of the moving window and security analyses.

2. ANALYSIS COMPONENTS describes the GIS software and individual GIS layers needed for
the analyses.

3. GIS PROCESSES outlines and describes the procedures for the analyses, as non-technical as
possible.

4. NCDE CONSERVATION STRATEGY ANALYSES gives the specifics for running the moving
window and secure core procedures for grizzly bear analysis for programmatic and project
level work within the NCDE.

5. LITERATURE CITED.

BACKGROUND

Until 1993, road density was calculated by dividing the total miles of roads by the square miles for a
analysis area resulting in a linear average density. GIS technology has allowed the user to place buffers
around roads or trails, create density contour maps, and calculate density. Traditionally, the analysis
area has been about 5,000 to 15,000 acres (7.81 to 23.44 square miles). Currently, BMU Subunits are
used for the analysis area, approximating the 50 square miles of a female grizzly bear home range.

For a moving window density, each pixel (square unit of land, 30 meters by 30 meters in size for the
NCDE) is assigned an access route density value based upon the roads and trails within the specified
surrounding window, where the window size is commonly 1 square mile or 1 square kilometer. The
square mile or kilometer is the "window" surrounding a pixel. The "moving window" refers to the actual
process that the GIS software program utilizes. Starting in the upper left corner, the first pixel is
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assigned an access route density value based upon its surrounding window; the program moves over 1
pixel and assigns this next pixel a density value based upon its surrounding window; move over 1 pixel

and that pixel is assigned a density; etcetera until the entire file has been analyzed pixel by pixel. This

can then be summarized as the proportion of the analysis area in various density classes.

As described in the Interagency Grizzly Bear Committee (IGBC) Motorized Access Management report
(1994, 1998) and referenced in the NCDE Conservation Strategy (2012), the moving window analysis
should be used for calculating the open road and motorized trail, and total motorized access route
densities for a given analysis area. Moving window processes are used to create two access route
density maps: 1) open motorized access (open roads and open motorized trails); and 2) total motorized
access (motorized roads and motorized trails). The output for the analysis area is provided in
percentages of one mile route density increment classes. Traditionally in linear average density, we
might have stated that analysis area 'B' has 1.00 miles of total roads per square mile. The main benefit
from the moving window density analysis is the spatial display of the access route density by one mile
classes. The user can see where the density is high within the analysis area, rather than just the average
density over the entire area. Instead of knowing the analysis area 'B' had 1.0 mile/sq mile, we would
know that 33% of the area had greater than 3.0 mile/sq mile and 67% had 0.0 mile/sq mile density, and
more importantly, where that high density occurs within the analysis area relative to secure habitat.

Secure habitat is defined as areas that do not have human access. Referred to as Core Areas in the IGBC
Motorized Access Management report (1994, 1998), these areas are defined as being >0.3 miles (500
meters) from any open road, motorized road or trail, and high use road or trail. Per IGBC direction, core
areas are to include seasonal habitats represented in proportion to that of the analysis area. And once
established, core areas are to remain in place for at least ten years. The South Fork Grizzly Bear Study
defined secure habitat as polygons greater than 2000 acres, farther than a mile from any road or trail.
The NCDE Conservation Strategy defines Secure Core as areas more than 500m (0.3 miles) from open or
gated wheeled motorized access routes, at least 2,500 acres in size, and in place for 10 years.

For the purposes of this protocol paper, the standards, prodecures, and analyses will follow those

outlined in the NCDE Conservation Strategy for open route density (OMRD), total route density (TMRD),
and Secure Habitat.

ANALYSIS COMPONENTS

GIS software

Raster GIS software packages generally have some sort of moving window program. This program
systematically moves throughout the whole file, analyzing each pixel based upon the surrounding pixels
(=window). For instance, a 3x3 window would analyze 3 rows by 3 columns of pixels, or 9 pixels. The
center pixel would be the analysis pixel and would be assigned a new value based upon the class values
of the 9 window pixels. The road density analysis utilizes a sum, or count, analysis of the window. As of
August 2001, four GIS software packages have been used to run a moving window analysis: ERDAS,
ARC/Info GRID, ArcGIS, or EPPL7. For the NCDE, Arc/Info GRID and ArcGIS are currently used. The
problem does not seem to be the mechanics of the moving window, most raster-based GIS software
packages have some sort of filtering routine. However, some software packages do not have the
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program set with a large enough window size to allow a one square mile moving window. At 50 meter
pixels, it is 32 by 32 pixels for one square mile; at 30 meters, it is 54 by 54 pixels.

Due to differences between vector to raster algorithms and in actual moving window calculations, it is
strongly recommended that the same software package, utlized to develop the standards, is utilized for
all analyses. If this is not feasible, then extra steps in the analysis may be needed so that, using the
same GIS coverages, the processes and software used to analyze will provide the same results as the
processes and software used to develop the standards.

Analysis area layer

This refers to the area(s) for which the road density classes are evaluated. For grizzly bear analyses, the
IGBC Motorized Access Management report recommends analysis areas that approximate a grizzly bear
female home range, incorporate all seasonal habitats when possible, and generally follow watershed
boundaries or other topographic features. These analysis areas have been delineated for the NCDE and
are referred to as Bear Management Unit (BMU) subunits, or just subunits.

Due to motorized routes near enough to affect density or secure core within the analysis area(s), the
BMU subunit(s) should be buffered at a distance to include any routes within the influence zone. For
NCDE Conservation Strategy analyses, that distance is one mile (1609.344 meters), although the actual
distance is 0.7072 miles (1138 meters) which is half the distance of the diagonal within the one mile
square window. This buffered analysis area should be used for clipping all data as well as the area for
the raster moving window analysis. If using a circular moving window, it is the radius of that circular
window.

While BMU subunits are not needed to directly run the moving window or secure core analyses, it is
required to summarize the results of the analyses. Moving window analyses may be used to look at
road density for other purposes than grizzly bears. In those cases, it may be appropriate to use some
other analysis area for summarizing the results.

Road layer

Each road which is applicable to the analysis should be uniquely identified. This allows the user to
develop "what-if" scenarios. While it may be obvious to one person that several roads will always be
included in all alternatives, someone else may wish to analyze the "what if those roads were
decommissioned" situation. Regardless of whether or not each road is uniquely identified, roads should
be attributed with their jurisdiction, road management, and, if applicable, type of closure device.
Jurisdiction refers to what agency actually has jurisdiction on the road. This is not always the same as
the landowner. For example, a State Department of Natural Resources & Conservation (DNRC) road
crosses Forest Service land, the jurisdiction of the road is State, but the landowner is Forest Service. For
the purposes of the motorized access analysis, it is a State road. Federal and state highways (primary
and secondary only), county roads, and small private roads will need to be identified. Road
management provides information on whether the road is open yearlong or seasonally, closed
(=restricted) yearlong, etc. Seasonally open roads will need to have the dates of closure. If aroad is
closed for all or part of the year, the type of closure device will be required. Additionally, each road
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should be attributed for the following characteristics during the non-denning season (April 1 through
November 30). Definitions are based upon the IGBC Motorized Access Management report with verbal
clarification from individual committee members (see Flathead NF, Land Resource Management Plan,
Amendment 19 project file).

ROAD
All created or evolved routes that are >500 feet long (minimum inventory standard
for the Forest Service INFRA data base), which are or were reasonably and prudently
driveable with a conventional passenger car or pickup.

OPEN ROAD
A road without legal restriction or physical obstructions on motorized vehicle
use.

RESTRICTED ROAD
A road on which motorized vehicle use is legally restricted, or physically
obstructed, seasonally or yearlong. The road requires physical obstruction
(gate, berm, jersey barrier, etc.). As indicated above, restricted roads will need
two attributes: duration of restriction/obstruction, and type of closure device.
For duration of restriction/obstruction, assign yearlong or seasonal. If the latter,
include dates of restriction. For closure device, provide the type, such as gate,
berm, barrier, rock, natural vegetation, etcetera.

HISTORICAL ROAD
Sometimes referred to as a reclaimed or obliterated road, a historical road has
been treated in such a manner so as to no longer function as a road or trail, and
the road is no longer considered part of the agency’s road system. This can be
accomplished through one or a combination of several means including:
recontouring to original slope, placement of logging, road, or forest debris,
planting or shrubs or trees, etc. Culverts and bridges may or may not be pulled.

Trail layer

All trails which are applicable to the analysis should be identified. Each trail should be attributed with
the following characteristic during the non-denning season (April 1 through November 30). Definitions
are based upon the IGBC Motorized Access Management report with verbal clarification from individual
committee members.

TRAIL
All created or evolved access routes that do not qualify as a "road". They are not
reasonably and prudently driveable with a conventional passenger car of pickup.
Generally, these routes are maintained and inventoried as part of the trail system.

OPEN MOTORIZED TRAIL
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A trail without legal restriction, or physical obstruction, open for motorized use
by motorized vehicles. For the purposes of these analyses, an open yearlong or
open seasonally motorzied trail is considered open. Trails use by 4-wheeler, 4-
wheel drive vehicles and motorized trail bikes are examples of this type of
access route.

RESTRICTED MOTORIZED TRAIL
A trail on which motorized use is legally restricted yearlong.

NON-MOTORIZED TRAIL
Any trail that does not have legal motorized use yearlong.

Lake layer

For the NCDE, if the project area contains all or a portion of any large lake (2320 acres), the lake acreage
will need to be subtracted from the analysis acres. The subtraction occurs after the moving window
procedure has been completed. Either within or 1 mile from the NCDE Primary Conservation Area
(PCA), the following is a list of large lakes: Flathead, Upper Stillwater, Whitefish, Echo, Swan, Holland,
Lindbergh, Gray Wolf, and Big Salmon Lakes, Lake Blaine, and Hungry Horse Reservoir (Flathead N.F.);
Duck and Lower Saint Mary Lake (Blackfeet I.R.); Dickey Lake (Murphy Lake R.D.); Kicking Horse
Reservoir (Flathead I.R.); Waterton, Upper Kintla, Kintla, Bowman, Quartz, Logging, Lower McDonald,
Harrison, Saint Mary, Two Medicine, Lower Two Medicine Lakes, and Lake Sherburne (Glacier N.P.);
Bynum, Eureka, Farmers, Gibson, Swift and Nilan Reservoirs (Rocky Mtn Front R.D.).

Large lakes are generally not considered as grizzly bear habitat, and therefore these large bodies of
water should not be considered when calculating secure habitat or motorized access densities. The 320
acre (1/2 square mile) figure was agreed to by Tom Wittinger (Flathead NF Forest Wildlife Biologist),
Nancy Warren (Flathead NF Wildlife Biologist), and Kathy Ake (Flathead NF GIS Specialist) in 1994, and
has been used for all IGBC motorzied access analyses since 1994.

Land Ownership layer

This layer is required for projects occurring within the NCDE for grizzly bears. Current direction from the
US FWS states that roads within small private land holdings are not to be considered in calculating the
motorized access densities. Small-tract private lands are treated just like the large lakes, by subtracting
from the analysis acres before calculating the percent road density. The subtraction occurs after the
moving window procedure has been completed. Originally, Plum Creek Timber Company (PC) lands
were not considered small-tract private lands. However since the Montana Legacy Project, in which
most of the Plum Creek Timber Company lands were purchased and transferred to public ownership
through a cooperative effort, the acreage of PC lands in the NCDE have dramatically decreased. For the
Conservation Strategy, PC lands will be considered small-tract private lands.

GIS PROCESSES
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This section provides a description of the processes and not actual GIS programs and steps. Nor does
the section specify the requirements for motorized route access and secure core analyses in the NCDE
Conservation Strategy.

Moving Window Road Density Analysis

The analysis entails having a moving 1 square mile window across the entire rasterized road/trail file.
For a 1 square mile window, it is a 32x32 window size for 50 meter pixels, and 54x54 window size for 30
meter pixels. For a 'circular' 1 square mile window, it is a radius of 18 50 meter pixels and 31 30 meter
pixels. If a 1 square kilometer (metric) window is required, it is 20x20 window size for 50 meter pixels,
and 33x33 window size for 30 meter pixels. A circular 1 square kilomter window is 11 50 meter pixels
and 19 30 meter pixels. The center pixel of the window is assigned the sum total number of road and
trail pixel cells that fall within the window. Starting with the first pixel in the upper left corner, the
program counts the total number of road and trail cells within the square mile window and assigns the
value to the center pixel. Then the window moves over to the next pixel, counts the road and trail cells
within the window and assigns the value to the center pixel. This process repeats itself until the entire
file has been completed. Since the moving window uses a summation of the GIS values for each cell, the
input GIS file for the actual moving window step needs to have value '1' for all roads and trails to be
counted and value '0' for everything else. A ‘nodata’ or null pixel within the analysis area will not
suffice; these cells need to be a value 0.

The output from the moving window program is a file where each pixel represents the number of
road/trail cells within the surrounding window size. The next step is to recode the sum total values into
one mile, or one kilometer, increments. To equate the sum totals to number of pixels for route density
ranges, divide the mi/sq mi value by the miles/pixel value. This is based upon a 50 meter pixel equaling
0.03107 miles, and a 30 meter pixel equaling 0.018642 miles. Using a 50 meter pixel, for the 0.5 mi/sq
mi break, divide 0.5 mi/sq mi by 0.03107 mi/pixel, and the number of pixels is 16. Thus, if the sum total
value is between 1 and 16, the density is 0.1 to 0.5 miles per square mile. The following table is a
breakdown for 50 meter and 30 meter pixel sizes for both English (miles) and metric (kilometer)
windows. The number of pixels was rounded to the nearest whole number.

Table 1. Breakdown of Road Density Classes for Various Window and Pixel Cell Sizes.

Route Density Number of pixels for 1 SQ MILE Number of pixels for 1 SQ KM
Class Range At 30 meters At 50 meters At 30 meters At 50 meters
0.0 0 0 0 0
0.1-0.5 1-27 1-16 1-17 1-10
0.6-1.0 28-54 17-32 18-33 11-20
1.1-1.5 55-80 33-48 34-50 21-30
1.6-2.0 81-107 49-64 51-67 31-40
2.1-25 108-134 65-80 68-83 41-50
2.6-3.0 135-161 81-97 84-100 51-60
>3.0 162-last 98-last 101-last 61-last
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Pixel cell sizes are not set in concrete. A 50 or 30 meter pixel size is not mandatory. The values just
happen to be common pixel size. The smaller the pixel size the better the file approximates the actual
width of a road, down to about a 10 meter file (approximately 32.8 feet). Changing a GIS layer to a
smaller pixel size does not necessarily mean that the layer is more accurate. Accuracy level depends
more upon the resolution and accuracy of the original map used to create the GIS layer.

Security Analysis

The analysis involves buffering by 500 meters specific roads and trails. While the total road and
motorized trail density moving window analysis has a 0.0 route density category, this is not the same as
areas over 500 meters (0.3 miles) from a motorized route. The user needs to execute a buffering
routine to accurately calculate the security area.

Summaries and Displays

For each BMU subunit, or subunit, it is useful to have a summary table listing the following:
o percentage of each route density class for open route density
o percentage of each route density class for total route density
« percentage of secure core and non-core areas
« miles of roads and trails by their management class (open yearlong, closed yearlong by gate,
etc.)

At minimum, the summary table should have the percentage >1.0 mi/sgmi for OMRD, the percentage
>2.0 mi/sgmi for TMRD, and the percentage of Secure Core for each BMU subunit.

Maps will either show the open road density classes, total road density classes, or the secure core areas.
Additional information should include the roads and trails by management, BMU subunit boundaries,
and small-tract private or large lakes areas, if appropriate.

Cautions

It should be mentioned that the project window needs to be at least either half the distance of the
diagonal of a square window, or the radius of a circular window, from the actual analysis area. A
distance of 1 mile would cover all potential square mile or square kilometer window sizes, and 30 or 50
meter pixel sizes. If the analysis boundary line follows a ridge, then the project window needs to be
another mile from the ridge line, so that the pixels on the boundary of the analysis area can be assigned
the correct density value. If the area directly outside the analysis area is cut off, then those pixels just
within the analysis area will not factor in any road or trail pixels that fall within 1 mile of the analysis
area and influence the density values. This applies to the Secure Core analysis as well.

Additionally, all maps and outputs for the route density and security analyses should only display the
analysis area with a buffer of a 1 mile. Nothing should be displayed beyond 1 mile from the analysis
area. The user may or may not have the correct and/or updated information beyond their area of
interest.
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As different grizzly bear ecosystems develop standards for access management, it is very possible that
slightly different steps, order of processes, pixel sizes, window shapes, and determinations of roads or
trails required will occur. It is strongly suggested that the processes, parameters, and software package
used to determine the standards are also used for running the analyses to measure compliance. For
example, if the standard was developed using ERDAS software and their rasterization algorithm,
measuring compliance using ARC/Info’s rasterization algorithm would be inappropriate. ARC/Info
results in approximately 18% more “road” pixels than the same vector coverage rasterized in ERDAS. If
differences are unavoidable, then extra steps in the analysis may be needed so that, using the same GIS
coverages, the processes and software used to analyze will provide the same results as the processes
and software used to develop the standards.

General Outline of the Procedures

l. Open Motorized Route Density
a) Select required arcs from road layer
b) Select required arcs from trail layer
c) Combine required selected roads and trails
d) Rasterize vector dataset
e) Run the moving window
f) Recode raw density value to road density classes
g) Vectorize the road density raster layer
h) If appropriate or required, subtract out large lakes, and small private acreage
i) Summarize the percentage of each open route density class within the analysis areas
j) Create required maps

1. Total Motorized Route Density
a) Select required arcs from road layer
b) Select required arcs from trail layer
c¢) Combine required selected roads and trails
d) Rasterize vector dataset
e) Run the moving window
f) Recode raw density value to road density classes
g) Vectorize the road density raster layer
h) If appropriate or required, subtract out large lakes, and small private acreage
i)  Summarize the percentage of each total route density class within the analysis areas
j) Create required maps

1. Secure Core Analysis
a) Select required arcs from road layer
b) Select required arcs from trail layer
¢) Combine required selected roads and trails
d) Buffer combined roads/trails 500 meters
e) Recode output from buffer routine
f) If appropriate or required, subtract out large lakes, and small private acreage
g) Summarize the percentage of secure core areas within the analysis areas
h) Create required maps
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NCDE CONSERVATION STRATEGY ANALYSES

These procedures apply to all Federal, Tribal and State land agencies within the NCDE Conservation
Strategy’s Primary Conservation Area (PCA).

Motorized access route density and security analyses will be applied to BMU subunits. These areas are
meant to approximate a grizzly bear female home range, incorporate all seasonal habitats if possible,
and generally follow watershed boundaries or other topographic features. BMU subunits have been
delineated by biologists from US Forest Service, US Fish & Wildlife Service, US National Park Service, MT
Dept. Natural Resource Conservation, MT Dept. Fish, Wildlife and Parks, Confederated Salish & Kootenai
Tribes, and Blackfeet Tribe for the entire NCDE.

With the Conservation Strategy, it was decided to keep the same process utlitized when the grizzly bear
was listed. From a historical perspective for both NCDE and Flathead N.F. Amendment 19, the access
standards were developed using EPPL7 software, 30 and 50 meter pixel sizes, a square 1 square mile
window, breakpoints between classes as listed in Table 1, and due to software limitations a 32x32
window size. The area was the South Fork Grizzly Bear Study Area and radio-collared female grizzly
bears were used for telemetry points. The recommended NCDE procedures have two steps added to
the process to account for differences between ARC/Info’s rasterization algorithm and EPPL7’s algorithm
as well as any other differences in cell and/or window size. The GRID THIN function is used to mitigate
for the rasterization algorithm. A regression equation is applied after the moving window step to
mitigate for the remaining differences. The regression equation was developed by comparing results
from EPPL7 and ARC/Info software using the same road and analysis area files.

During the analysis for Flathead N.F’'s Amendment 19, many questions regarding small tract private
lands, definitions for roads and road management classification were resolved for the motorized access
analyses for both the NCDE and Amendment 19.

Application Rules

Table 5 from Chapter 3 of this Conservation Strategy is repeated below to provide the rule set and

definitions for motorized access management on USFS, GNP, and BLM lands inside the PCA (referred to
as Table 2 in this Appendix).
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Table 6. (p. 1 of 2). The rule set and definitions for motorized access management standards on
Federal lands inside the PCA.

Changes in Secure
Core

A project may mitigate its impact on Secure Core by providing replacement Secure
Core habitat of equal size and similar quality (if possible) and function in the same
grizzly subunit. The replacement habitat must either be in place before project
initiation or be provided concurrently with project development as an integral part
of the project plan. Alternatively, a project may also mitigate its impacts by
adhering to the allowed levels of temporary changes summarized above and
detailed in this Table.

Secure Core Habitat

More than 500 meters from an open motorized route (road or motorized trail), or
helicopter flight line meeting the definition of “recurring.” Must be greater than or
equal to 2,500 acres in size. “Recurring” is defined as multiple trips per day for
more than two consecutive days.

Open Motorized
Route Density
(OMRD)

Open motorized route density includes: all Federal, State, and Tribal roads and
motorized trails that are open to public use for any part of the year and motorized
routes closed by sign only. All roads are included in the database. However non-
motorized trails, highway, county, private, decommissioned, or revegetated roads
are not included in the calculations.

Total Motorized
Route Density
(TMRD)

Total motorized route density includes: all Federal, State, and Tribal roads and
motorized trails, whether they are open or closed. All roads are included in the
database. However, non-motorized trails, highway, county, private,
decommissioned, or revegetated roads are not included in the calculations.

Motorized Access
Routes in Database

All routes, regardless of ownership or jurisdiction, having motorized use or the
potential for motorized use to exceed administrative use levels (restricted roads)
including: motorized trails; highways; county/city, Federal, State, Tribal, corporate
and private roads.

Lands in Database

All lands are included in database. However, large lakes (2 320 acres) and private
lands are not included in calculations of Secure Core, OMRD, or TMRD.

Season Definitions

Denning season on the west side of the continental divide is from 1 December
through 31 March. Denning season on the east side of the continental divide is
from 1 December through 15 April. Wheeled motorized access standards do not
a